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1. BACKGROUND {#ajco13154-sec-0050}
=============

Patients who present with metastatic colorectal cancer (mCRC) receive systemic therapy consisting of a targeted monoclonal antibody (mAb) and a chemotherapy backbone, and therapy selection is generally guided by one or more biomarkers (most commonly, mutations in the rat sarcoma \[*RAS*\] family genes). It is recommended that patients with mCRC that is *RAS* wild‐type (wt) receive an anti--epidermal growth factor receptor (EGFR) targeted therapy.[1](#ajco13154-bib-0001){ref-type="ref"}

Cetuximab, an immunoglobulin G1 (IgG1)‐isotype anti‐EGFR mAb, has been shown in several randomized, phase III trials to combine successfully, with similar efficacy and safety, with either of the doublet chemotherapy regimens available for the treatment of mCRC: FOLFIRI (infusional fluorouracil \[5‐FU\]/leucovorin/irinotecan) or FOLFOX (infusional 5‐FU/oxaliplatin/folinic acid \[leucovorin\]).[2](#ajco13154-bib-0002){ref-type="ref"}, [3](#ajco13154-bib-0003){ref-type="ref"} Currently, median survival in trials for patients with *RAS* wt mCRC receiving systemic therapy is ≥30 months,[2](#ajco13154-bib-0002){ref-type="ref"}, [3](#ajco13154-bib-0003){ref-type="ref"} although certain patient subpopulations have worse prognoses.[4](#ajco13154-bib-0004){ref-type="ref"}, [5](#ajco13154-bib-0005){ref-type="ref"} The location of the primary tumor within the colorectal tract (right *vs* left) has significant prognostic value for patient survival. Indeed, patients with right‐sided *RAS* wt tumors have a worse prognosis---that is, much poorer survival outcomes than patients with left‐sided tumors, regardless of the treatment received. In addition, right‐sidedness appears to have predictive value, as patients with right‐sided *RAS* wt mCRC have been shown to derive less benefit from treatment with cetuximab than patients with left‐sided *RAS* wt mCRC. By comparison, patients with left‐sided *RAS* wt tumors appear to fare better if treated with anti‐EGFR therapy plus chemotherapy versus bevacizumab plus chemotherapy.[3](#ajco13154-bib-0003){ref-type="ref"}, [6](#ajco13154-bib-0006){ref-type="ref"}

The open‐label, nonrandomized, multicenter, phase II APEC trial demonstrated that first‐line cetuximab administered once every 2 weeks in combination with investigator\'s choice of either FOLFOX or FOLFIRI yielded good response and survival outcomes in an Asian patient population with *RAS* wt mCRC, with no new or unexpected safety findings.[7](#ajco13154-bib-0007){ref-type="ref"} Furthermore, the APEC trial found no evidence for differences in efficacy between FOLFIRI and FOLFOX chemotherapy when combined with cetuximab in patients with *RAS* wt mCRC.[7](#ajco13154-bib-0007){ref-type="ref"} In this subgroup analysis, we present the efficacy outcomes of the APEC trial by chemotherapy backbone for each tumor location.

2. METHODS {#ajco13154-sec-0060}
==========

Detailed design and methodology for the nonrandomized, phase II APEC study (NCT00778830) were previously described.[7](#ajco13154-bib-0007){ref-type="ref"} The trial was conducted in accordance with the Declaration of Helsinki. The protocol was approved by the ethics committees of all participating centers. All patients gave written informed consent before trial entry.

Briefly, 289 patients with previously untreated *KRAS* exon 2 (codon 12/13) wt mCRC and an Eastern Cooperative Oncology Group performance status of 0 or 1 were enrolled and assigned to a treatment by participating investigators (cetuximab plus FOLFIRI, *n* = 101; cetuximab plus FOLFOX, *n* = 188). Of these, 167 patients had *RAS* wt disease according to extended *RAS* analysis (cetuximab plus FOLFIRI, *n* = 57; cetuximab plus FOLFOX, *n* = 110). In this population, 159 patients were evaluable for outcome analysis by tumor location. Transverse colon tumors were included in the analysis and classified as right‐sided.

Patients received cetuximab (500 mg/m^2^) on day 1 of every 14‐day treatment cycle over 120 min for the first infusion, 90 min at the second infusion and 60 min at subsequent infusions. Based on investigator\'s choice, patients received either FOLFOX (oxaliplatin 100 mg/m^2^, leucovorin 200 mg/m^2^ L‐form or 400 mg/m^2^ racemic, then 5‐FU as a 400‐mg/m^2^ IV bolus and a 2400‐mg/m^2^ continuous infusion over 46 hours) or FOLFIRI (irinotecan 180 mg/m^2^, leucovorin 200 mg/m^2^ L‐form or 400 mg/m^2^ racemic, then 5‐FU as a 400‐mg/m^2^ IV bolus and a 2400‐mg/m^2^ continuous infusion over 46 hours). Treatment was continued until disease progression, unacceptable toxicity or withdrawal of patient consent. All patients included in this analysis received ≥1 dose of treatment.

The primary endpoint of the APEC trial was best overall response rate (ORR) as determined by Response Evaluation Criteria In Solid Tumors (RECIST) 1.0. Secondary endpoints included progression‐free survival (PFS), overall survival (OS) and safety. Statistical analysis was performed as previously described.[7](#ajco13154-bib-0007){ref-type="ref"}

3. RESULTS {#ajco13154-sec-0070}
==========

A total of 130 patients with left‐sided *RAS* wt mCRC were identified (43 received every‐2‐weeks cetuximab plus FOLFIRI and 87 received every‐2‐weeks cetuximab plus FOLFOX). Twenty‐nine patients with right‐sided *RAS* wt mCRC were identified; 10 patients received cetuximab plus FOLFIRI and 19 received cetuximab plus FOLFOX. Baseline characteristics such as number of metastatic sites, presence of liver‐limited disease, and median age were reasonably balanced between tumor‐location subgroups who received cetuximab plus FOLFIRI or cetuximab plus FOLFOX. 4.6% and 24.1% of patients with left‐ and right‐sided mCRC, respectively, had *BRAF* mutations. Detailed baseline characteristics by tumor location and treatment arm are shown in Table [1](#ajco13154-tbl-0001){ref-type="table"}.

###### 

Baseline characteristics by tumor sidedness in the phase II APEC study

                                      **Patients with left‐sided mCRC**   **Patients with right‐sided mCRC**                                       
  ----------------------------------- ----------------------------------- ------------------------------------ ------------ ---------- ----------- -----------
  Sex, *n* (%)                                                                                                                                     
  Male                                27 (62.8)                           59 (57.8)                            86 (66.2)    7 (70.0)   11 (57.9)   18 (62.1)
  Female                              16 (37.2)                           28 (32.2)                            44 (33.8)    3 (30.0)   8 (42.1)    11 (37.9)
  Age, years                                                                                                                                       
  Median                              56.0                                59.0                                 57.5         59.5       53.0        56.0
  Min--max                            31--87                              28--81                               28--87       41--70     31--78      31--78
  Race, n (%)                                                                                                                                      
  White                               6 (14.0)                            16 (18.4)                            22 (16.9)    2 (20.0)   2 (10.5)    4 (13.8)
  Asian (Chinese)                     31 (72.1)                           42 (48.3)                            73 (56.2)    7 (70.0)   11 (57.9)   18 (62.1)
  Asian (non‐Chinese)                 6 (14.0)                            29 (33.3)                            35 (26.9)    1 (10.0)   6 (31.6)    7 (24.1)
  ECOG PS, *n* (%)                                                                                                                                 
  0                                   28 (65.1)                           61 (70.1)                            89 (68.5)    8 (80.0)   10 (52.6)   18 (62.1)
  1                                   15 (34.9)                           26 (29.9)                            41 (31.5)    2 (20.0)   9 (47.4)    11 (37.9)
  Number of metastatic sites, n (%)                                                                                                                
  0                                   1 (2.3)                             0                                    1 (0.8)      0          0           0
  1                                   10 (23.3)                           23 (26.4)                            33 (25.4)    2 (20.0)   3 (15.8)    5 (17.2)
  2                                   18 (41.9)                           32 (36.8)                            50 (38.5)    5 (50.0)   11 (57.9)   16 (55.2)
  3                                   8 (18.6)                            23 (26.4)                            31 (23.8)    1 (10.0)   2 (10.5)    3 (10.3)
  \>3                                 6 (14.0)                            9 (10.3)                             15 (11.5)    2 (20.0)   3 (15.8)    5 (17.2)
  Metastatic disease, *n* (%)                                                                                                                      
  Liver metastasis only               14 (32.6)                           26 (29.9)                            40 (30.8)    5 (50.0)   7 (36.8)    12 (41.1)
  Other metastasis                    28 (65.1)                           61 (70.1)                            89 (68.5)    5 (50.0)   12 (63.2)   17 (58.6)
  No metastasis                       1 (2.3)                             0                                    1 (0.8)      0          0           0
  *BRAF* status, *n* (%)                                                                                                                           
  Wild‐type                           39 (90.7)                           85 (97.7)                            124 (95.4)   9 (90.0)   13 (68.4)   22 (75.9)
  Mutated                             4 (9.3)                             2 (2.3)                              6 (4.6)      1 (10.0)   6 (31.6)    7 (24.1)
  Prior therapy, *n* (%)                                                                                                                           
  Chemotherapy                        20 (46.5)                           18 (20.7)                            38 (29.2)    2 (20.0)   3 (15.8)    5 (17.2)
  Radiotherapy                        8 (18.6)                            10 (11.5)                            18 (13.8)    1 (10.0)   0           1 (3.4)
  Surgery                             32 (74.4)                           62 (71.3)                            94 (72.3)    4 (40.0)   18 (94.7)   22 (75.9)
  Vaccines                            0                                   0                                    0            1 (10.0)   0           1 (3.4)
  Other                               2 (4.7)                             2 (2.3)                              4 (3.1)      1 (10.0)   1 (5.3)     2 (6.9)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; FOLFOX, infusional fluorouracil, oxaliplatin, and leucovorin; FOLFIRI, infusional fluorouracil, leucovorin, and irinotecan; mCRC, metastatic colorectal cancer.

John Wiley & Sons, Ltd.

Median PFS for the total population of patients with *RAS* wt left‐sided mCRC in the APEC study (*n* = 130) was 14.0 months (95% \[confidence interval\] CI, 11.4--14.9), and median OS was 30.6 months (95% CI, 25.7--34.3). Median PFS for the total population of patients with *RAS* wt right‐sided mCRC in the APEC study (*n* = 29) was 8.9 months (95% CI, 5.5--15.4), and median OS was 24.6 months (95% CI, 13.8--31.2; Figure [1](#ajco13154-fig-0001){ref-type="fig"}). Median PFS in patients with left‐sided tumors was 12.8 months (95% CI, 9.7--14.9) with cetuximab plus FOLFIRI and 14.2 months (95% CI, 11.2--16.2) with cetuximab plus FOLFOX. Median PFS in patients with right‐sided mCRC was 15.4 months (95% CI, 3.6--20.3) and 8.3 months (95% CI, 3.7--13.3) with cetuximab plus FOLFIRI or FOLFOX, respectively (Table [2](#ajco13154-tbl-0002){ref-type="table"}, Figure [2](#ajco13154-fig-0002){ref-type="fig"}). Median OS was 31.7 months (95% CI, 18.5--40.5) and 30.6 months (95% CI, 24.5--36.8) for patients with left‐sided tumors who received cetuximab plus FOLFIRI or FOLFOX, respectively. Median OS was 32.1 months (95% CI, 6.8--not evaluable) and 21.8 months (95% CI, 7.8--29.7) with cetuximab plus FOLFIRI or FOLFOX, respectively, in patients with right‐sided mCRC (Table [2](#ajco13154-tbl-0002){ref-type="table"}, Figure [2](#ajco13154-fig-0002){ref-type="fig"}).

![Progression‐free survival (A) and overall survival (B) according to sidedness group treated with either chemotherapy backbone in the phase II APEC study \[Color figure can be viewed at <http://wileyonlinelibrary.com>\]](AJCO-15-225-g001){#ajco13154-fig-0001}

###### 

Efficacy outcomes for cetuximab + FOLFOX and cetuximab + FOLFIRI by tumor sidedness in patients with *RAS* wt mCRC in the phase II APEC study

                                      **Patients with left‐sided mCRC**   **Patients with right‐sided mCRC**                                          
  ----------------------------------- ----------------------------------- ------------------------------------ ------------ ------------ ------------ ------------
  Progression‐free survival, months                                                                                                                   
  Median                              12.8                                14.2                                 14.0         15.4         8.3          8.9
  95% CI                              9.7--14.9                           11.2--16.2                           11.4--14.9   3.6--20.3    3.7--13.3    5.5--15.4
  Overall survival, months                                                                                                                            
  Median                              31.7                                30.6                                 30.6         32.1         21.8         24.6
  95% CI                              18.5--40.5                          24.5--36.8                           25.7--34.3   6.8--NE      7.8--29.7    13.8--31.2
  Response rate, %                                                                                                                                    
  Overall response rate               74.4                                65.5                                 68.5         50.0         52.6         51.7
  95% CI                              58.8--86.5                          54.6--75.4                           59.7--76.3   18.7--81.3   28.9--75.6   32.5--70.6
  Resection rate, *n* (%)             1 (2.3)                             13 (14.9)                            14 (10.8)    1 (10.0)     2 (10.5)     3 (10.3)

Abbreviations: FOLFOX, infusional fluorouracil, oxaliplatin, and leucovorin; FOLFIRI, infusional fluorouracil, leucovorin, and irinotecan; mCRC, metastatic colorectal cancer; NE, not evaluable; wt, wild type.
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The ORR, which included complete and partial responses, observed with cetuximab plus FOLFIRI or FOLFOX in patients with left‐sided mCRC was 74.4% (95% CI, 58.8--86.5) and 65.5% (95% CI, 54.6--75.4), respectively. The ORR with cetuximab plus FOLFIRI or FOLFOX in patients with right‐sided mCRC was 50.0% (95% CI, 18.7--81.3) and 52.6% (95% CI, 28.9--75.6), respectively.

Few patients in the APEC trial underwent surgery for metastatic disease, but resection rates were similar between the left‐sided and right‐sided subgroups (10.8% and 10.3%, respectively).

The APEC study revealed no new safety findings for first‐line, every‐2‐weeks cetuximab plus doublet chemotherapy, mirroring the results from previous (including phase III) studies;[2](#ajco13154-bib-0002){ref-type="ref"}, [7](#ajco13154-bib-0007){ref-type="ref"}, [8](#ajco13154-bib-0008){ref-type="ref"}, [9](#ajco13154-bib-0009){ref-type="ref"} no safety analysis was performed for this tumor‐location subgroup analysis because, per data from the CRYSTAL (unpublished) and TAILOR trials,[10](#ajco13154-bib-0010){ref-type="ref"} there is no evidence that the safety profile differs meaningfully between right‐ and left‐sided mCRC.

4. DISCUSSION {#ajco13154-sec-0080}
=============

Here we present the tumor‐location subgroup analysis of the phase II APEC study population of patients with *RAS* wt mCRC. This is the first study to provide tumor‐location analyses for subgroups treated with the combination of every‐2‐weeks cetuximab plus FOLFIRI and cetuximab plus FOLFOX in parallel, and this thus serves as a hypothesis‐generating landmark study. Because the APEC study was not randomized, the distribution of patients with left‐sided versus right‐sided tumors as well as that of patients receiving FOLFOX versus FOLFIRI may be unbalanced; therefore, outcomes by tumor side and by chemotherapy backbone are not directly comparable. Other limitations of the study were the small sample size and the lack of a bevacizumab comparator arm.

Chemotherapy backbone did not appear to affect the outcomes in patients with left‐sided *RAS* wt tumors because median PFS and OS were similar in both groups. Furthermore, both treatment combinations yielded a median OS of \>30 months for these patients, in agreement with observations made in pivotal phase III studies in which cetuximab was administered on a weekly schedule.[2](#ajco13154-bib-0002){ref-type="ref"}, [3](#ajco13154-bib-0003){ref-type="ref"} Curiously, the data for both PFS and OS observed in patients with right‐sided *RAS* wt tumors suggested better outcomes with the FOLFIRI backbone than FOLFOX. Indeed, while the number of patients with right‐sided *RAS* wt mCRC in the APEC study was very low, every‐2‐weeks cetuximab plus FOLFIRI was associated with a median OS of \>30 months compared with 21.8 months with FOLFOX in this subgroup. Additionally, first‐line cetuximab in combination with either chemotherapy backbone yielded ORRs of ≥50.0% in patients with right‐sided tumors and a similar rate of resection of metastases to that observed in patients with left‐sided tumors, which is consistent with the ORRs reported for patients with right‐sided *RAS* wt mCRC in the CRYSTAL (42% with cetuximab plus FOLFIRI), FIRE‐3 (53% with cetuximab plus FOLFIRI) and TAILOR (44% with cetuximab plus FOLFOX) studies.[3](#ajco13154-bib-0003){ref-type="ref"}, [10](#ajco13154-bib-0010){ref-type="ref"} Therefore, this study provides further evidence that this may potentially be a preferred combination therapy for right‐sided mCRC when cytoreduction is a key treatment goal. Thus, first‐line cetuximab plus FOLFOX or FOLFIRI can be considered for right‐sided *RAS* wt mCRC when the patient requires rapid tumor shrinkage to improve symptoms or facilitate resection. Finally, in agreement with previous observations, both cetuximab plus FOLFIRI and cetuximab plus FOLFOX yielded high response rates in patients with left‐sided *RAS* wt mCRC.[3](#ajco13154-bib-0003){ref-type="ref"}

Although the higher rate of *BRAF* mutations in cetuximab plus FOLFOX--treated patients with right‐sided disease may partially explain dissimilarities in PFS and OS between the FOLFOX and FOLFIRI cohorts, another possible explanation for the observed trends may be that the synergy between cetuximab and irinotecan observed in preclinical models[11](#ajco13154-bib-0011){ref-type="ref"}, [12](#ajco13154-bib-0012){ref-type="ref"} is sufficient to overcome some of the molecular mechanisms that limit the benefits of antitumor therapy in right‐sided mCRC. This was reinforced clinically in the BOND study, in which patients who were resistant to irinotecan had improved ORR and PFS when treated with cetuximab and irinotecan compared to cetuximab alone.[13](#ajco13154-bib-0013){ref-type="ref"} Further investigation of these findings is required.

Consistent with pivotal phase III studies in first‐line weekly cetuximab plus chemotherapy, a prognostic effect of tumor sidedness was observed in patients with *RAS* wt mCRC receiving first‐line every‐2‐weeks cetuximab plus doublet chemotherapy in the APEC study. We suggest that the results of the tumor‐location subgroup analysis of the APEC trial confirm published observations on the efficacy of first‐line cetuximab in combination with either FOLFIRI or FOLFOX in patients with left‐sided tumors. Indeed, there appears to be no difference in survival between chemotherapy backbones on the left side. Additionally, the ORR in patients with right‐sided *RAS* wt mCRC was ≥50.0% in both treatment subgroups, providing evidence for the use of first‐line cetuximab plus FOLFIRI or FOLFOX in this patient population when tumor shrinkage/cytoreduction is a key treatment goal. Finally, the results of this subgroup analysis raise the possibility of a clinically relevant synergy between cetuximab and irinotecan, which may be associated with prolonged PFS and OS in patients with right‐sided *RAS* wt tumors; further investigation of this observation is warranted. In summary, these results serve to generate interesting hypotheses regarding the choice of chemotherapy backbone with first‐line cetuximab for the treatment of patients with right‐sided mCRC.
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